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ABSTRACT 
The effect of exercise on heart physiology was investi­
gated on thirty-six male Spragu�-Dawley rats. Twenty-four 
were subjected to a daily treadmill exercise program over a 
fourteen week period. Body weights, and resting heart rates 
were measured in the intact rats. Atria were isolated in an 
organ bath containing Krebs-Henseleit solution. The chron­
otropic responses of the atria were tested in the presence 
of varying concentrations of acetylcholine at two temperature 
levels. 
Rats engaged in the exercise programs demonstrated a 
lower body weight, a lower resting heart rate and lower iso­
lated atrial rates. The response of isolated atria from 
' 
trained rats to three concentrations of acetylcholine was 
measured (1 x 10-5M, l x 10-6M and 1 x 10-7M) at both 30° C
and 37° C. At 30° c, the addition of acetylcholine decreased 
the atrial rate in trained rats by an average of 40.19%, 32.21% 
and 28.38%, respectively. At 30° C, the addition of acetyl­
choline decreased the atrial rate in control rats by an average 
of 29.5%, 18.55% and 12.89%, respectively. At 37° :C, the 
addition of acetylcholine decreased the atrial rate in trained 
rats by an average of 65.76%, 53.1%, and 44.08%, respectively. 
iii 
iv 
At 37° c, the addition of acetylcholine decreased the atrial 
rate in control rats by an average of 43.03%, 41.32% and 
34.55%, respectively • 
. It is concluded that trained rats have a lower resting 
heart rate and a lower intrinsic heart rate than control rats. 
The isolated rat atria of trained animals were more sensitive 
to acetylcholine than the control group at 37° c. Increased 
stores of acetylcholine in the region of the pacemaker may 
account for the lowered heart rate. The isqlated rat atria 
of trained animals demonstrated a subsensitivity to,ac~tyl-
choline .at 30° c. The, sensitivity to a:cetylcholine may be 
temperature related and probably related to the great~r meta-
bolic demands of exercised tissue. 
In addition, the trained ~ats demonstrated significantly 
larger heart to body weight ratios than did the control animal~. 
This indicates that chronic vigorous exercise results in a 
relative cardiac hypertrophy. An increase in the ratio of 
hear.t weight to body weight should result in an increase in the 
maximum capacity to deliver blood to the working muscles. 
INTRODUCTION 
Current studies indicate that individuals who experience 
high levels of vigorous physical training tend to have a lower 
incidence of symptomatic coronary heart disease, as well as 
lower incidence of death caused by cardiovascular disease. 
Physical training refers to the state of adaptation that per-
mits an individual to successfully respond to exercise loads 
of various intensities and durations. A sedentary subject re-
sponds to an exercise 1o·ad with great effort or inefficiency. 
This individual cannot sustain the exercise load without signs 
of stress development. A trained subject can respond to the 
same exercise load with less effort and strain. This indiv-
idual can sustain for a much longer time before fatigue causes 
limitations. 
Exercise training, if sufficiently vigorous, brings about 
adaptive changes in the performance capacity of the heart. 
These changes produced anatomical, biochemical and physio-
logical alterations significantly different from sedentary 
subjects. This is evidenced by an increase in stroke volume, 
maximum cardiac output and myocardial contractility. Adaptions 
to chronic exercise are affected by both intrinsic and ex-
trinsic factors. Intrinsic factors include age, sex, hormonal 
1 
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status, health, muscle fiber distribution, level of training 
and motivation. Extrinsic factors include all environmental 
factors that alter performance. 
One of the most outstanding effects of a vigorous training 
program on the athlete is the occurrence of exercise brady-
cardia; a lower resting heart rate than in a sedentary indiv-
idual. 
LITERATURE REVIEW 
Sufficiently vigorous exercise training, as in running 
and swimming, brings about adaptive increases in performance 
capacity. As a result of this type of exercise training, 
characteristic changee a�e seen particularly in the c�rdio­
vasculaT system. An overall improvement in cardiac perform­
ance will result> The rate of improvement depends on the in­
tensity of the exercise program. 
Exercise is recommended as a method of reducing the 
risk factors that contribute to heart disease (Fox, et. al., 
1964). Populations or individuals with high levels of phys­
ical activity tend to have a lower incidence of 9ymptomatic 
coronary artery disease (Scheuer and Tipton, 1977). 
The biological adaptation that results from ch�9nic ex­
ercise that is the most striking is bradycardia, a +eduction 
in resting heart rat� (Herrlich, et. al., 1960). The exact 
mechanisms for this adaptation are not clear. 
Cutilletta, et. al. (1979) suggest that the hearts from 
exercised animals are better able to tolerate an increase in 
afterload and hypoxia than hearts of sedentary animals. The 
myocardium from an exercised animal has a greater working 
capacity than that of a sedentary control. 
Both functional and biochemical changes are evidenced 
3 
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after a yigorous exercise program. The functional ch�nges in­
volve a slower resting heart rate, a� ipcrease in �troke volume 
at rest and an increas�, rather than a decrease in contractility 
during pressure overload (Oscari, 1971). The Qiochemic�l changes 
in the myocardium that occur after exercise include an increase 
in actinomyosin ATPase activity, an increase in the repl�tion 
of glycogen stores and a more efficient utilization of energy 
(Cutilletta, et. al., 1979). 
Other effects of chronic exercise on the hearts of anima+s 
include myocardial hypertrophy depending upon the type of ex­
ercise;an increase in myocardial capillary to fiber ratio and 
an.increase in cqronary artery- size, an improved cardiac per­
formance and alterati�ns of myocardial mitochondria and meta­
be>lic enzymes (Wenger, 19·7$). 
Stroke volume is the main d�terminant of maximum o
2 
uptake. 
Maximum o2 uptake capacity function (v92 MAX) is a measure.
of the cardiovascular system's ability to deliver o2 throµgh 
blood transport and tissue extraction of o2 • An increase ,in 
vo2 MAX is indicative of a training effect. In physically 
trained rats, the function of the heart as a pump is improved. 
The9e hearts have greater aerobic and mechanical reserve than 
hearts of sedent�ry animals. These effects appear to be at 
least partially due to an improved mechanism or o2 �elivery. 
When hearts from conditioned animals are perfused under isolated 
conditions, they exhibit increased metabolic and dynamic per­
formance in the steady state. When .stress is i•posed, hearts 
from trained animals have greater maximal aero�ic and dynamic 
capacities (Penpargkul and Scheuer, 1970). 
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Endurance training results in an increase in maximum o
2
uptake capacity (V02 MAX). The magnitude of increase depends
on the individual's initial level of training and on the fre­
quency, intensity and duration of the exercise. Generally, the 
increase in the V0
2
"MAX results equally from an increase in
cardiac output secondary to a higher stroke volume and an in­
crease in arteriovenous o
2 
difference (Ekblom, et. al., 196$;
Rowell, 1971). Thus, increased extraction of o
2 
by the working
muscles appear to play as important a role as increased cardiac 
output in bringing about the increase in vo2 MAX seen with en­
durance exercise training. It appears that an increase in 
vo
2 
MAX brought about by an increase in maximum cardiac output 
is a result of the delivery of o2 to a larger mass of working
muscle rather than to the delivery of more o2 to individual
muscle cells. On the average, an increase in maximum cardiac 
output appears to account for approximately 50% of the rise 
in vo
2 
MAX that occurs in response to training. The other 50%
is accounted ·ror by an increase extract concentration of o
2
by working muscles (Holloszy, 1976). 
Folinsbee, et. al.(1975) indicated that the individual's 
ability to perform muscular activity for minimal or maximal 
time periods depends on that individual's capacity to transport 
o2 from the atmosphere into mitochondria. The higher the max­
imum o
2 
uptake, the larger the amount of energy yieided. o
2 
uptake gives an indirect evaluation of cardiac output. 
Guisti, et·. al. (1978) reported that at least two bio­
chemical alterations are found to exist in enhanced contractile 
6 
performance 9f ventricles. These alterations involve an in-
crepse in actinomyosin ATPase activity anq,an increase in ca++ 
binding by the sarcoplasmic reticulum. They showed that the 
' . ., 
effects of physical training which produce enhanced cardiac 
function and biochemical activity in the hearts of.physically 
trained rats was reversed by a two week deconditioning program. 
The increase in ATPase activity is sustained only if exercise 
is continued. With cessation of exercise, enzyme activity 
returns to control level in apRroximately two weeks. 
Malholtra, et. al. (1976) reported that the elevation in 
actinomyosin ATPase caused bY, moderate physical training in 
rats is no~ maintained if the, training program is decreased 
or discontinued. 
Couring, et. al. ( 1979) suggest that Na+ ions in the extr,a-
cellular enviroo.ment may be essential for maintaining the auto-
nomic system of heart rate control. The postsynaptic receptor 
for norepineph,rine cannot function in Na+ deficient solutions. 
This could occur if the re~eptor desensitized ip low Na+ or 
if .a Na+ carrying channel was gated open by norepinephrine 
receptQr-binding, thereby enhancing pacemaker activity. Na+ 
ions carry the rapid inward ionic currents that are respons-
ible for the rapid depolarization phase of the action pot~n-
tial in various cardiqc tissue. The transport system main-
tains low intra-cellular ca++ ions for extracellular Na+ ions. 
iowering the extracellular Na+ concentrations impairs this 
exchange pump system and produces a marked increase in con-
tracting force. 
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Codini, et. al. (1977) reported that hearts from physically 
conditioned rats had a greater cardiac reserve than hearts of 
sedentary animals. The trained hearts show u�ifqrmly superior 
performance in isolated perfusion experiment and actinomyosin 
ATPase activity in all hearts of trained animals was greater 
than in the sedentary. This ATPas� activity is not maintained 
if the training program is decreased or discontinued which in­
dicated that the biochemical differences are due to adaptations 
rather than being the results ·of selection. 
Barany (1967) suggests that the speed of shortening of the 
muscle is related to its myosin ATPase activity which is in­
creased in hearts of conditioned rats. 
An increased myosin ATPase activity in the hearts of con­
ditioned rats was found by Codini, et. al. (1977). An enhanced 
ca++ binding by sarcoplasmic reticulum from hearts of con­
ditioned rats was found. The physical condition of the rats 
produced intrinsic alterations in myocardium which were inde­
pendent of both hypertrophic responses and of bradycardia. Im­
proved cardiac performance w�s evidenced only when the hearts 
were stressed. 
Bhan and Scheuer (1975) suggest that the increase in 
myosin ATPase activity in the hearts of exercised animals may 
be due to a local conformational change at or near the active 
site. Their previous works indicate that increased perform­
ance due to training is associated with alteratiQns in con­
tractile proteins and not du� to the energy-generating mechan­
ism in the heart. The increase in ca++ ATPase activity of 
cardiac actomyosin under conditions of high KCl concentration 
suggests that the chang~·was occurring in the myosin molecule 
itself. Myosin ATPase activity appears to be increased in the 
hearts of all.experimental animals and represents a biochemical 
nsponseto physical training at the molecular level. It seems 
that this change is occurring in the head region of the myosin 
molecule. The increase of myosin ATPase activity in the ex-
ercised animal may explain in part the greater performance 
(co.ntractility) of these hearts. This could represent a basic 
bio-chemical adaptation for the increased cardiac demands of 
prolonged exercise. 
Scheuer and Tipton (1977) reported that after cholinester-
ase inhibition, injected unanesthetized trained rats had sig-
/ 
nificantly lower resting·· heart rates than sedentary controls. 
Since myocardial cholinesterase levels are uninfluenced by 
training (Tipton, 1966), these findings support the hypothesis 
that ·training causes an increase in parasympathetic activity. 
Trained rats appeared to have more myocardial acetylcholine per 
gram of tissue than sedentary controls. This observation is 
compatible with the finding that chronic exercise is associated 
with increased atrial choline acetyl transferase activity. 
Changes in the parasypathetic probably cannQt occur without 
changes in the symp~thetic. Propranolol injections appear to 
cause greater declines in resting heart rate in sedentary than 
in trained rats (Scheuer and Tipton, 1977). Similar find~ngs 
were discovered when isolated hearts from trained and sedentary 
rats were perfused with propranolol(Dowell and Tipton, 1970). 
9 
These findings suggest that training caused a decrease in 
resting sympathetic tone and/or a chang~ in intrinsiq rate. 
Stone (1977) reports that a reflex adaptation of the 
nervous system occurs with training ~o ~mprove ~ardiac function. 
Both the parasympathetic and sympathetic nervous systems appear 
to change with training. There have been no direct measure-
ments of autonomic nervous system function to correlate with 
heart rate changes in the trained animal models. If the 
s~pathetic nervous system is involyed in the bradycardia, 
this may cause a change in the contractile state of the intac~ 
animal with training. If sympathetic nervous activity to the 
heart decreases, contractility may be reduced if other changes 
in cardiac muscle cell do not Gccur. Another explanation for 
the difference in contractility would be a selective increase 
in activity of the 5.ympathetip nervous system. The r~lation-
ship between contractility and heart rate assumes that the 
chronotropic activity is associated with an increase in sy.mpa-
thet~c activity and a concomitant increase in sympathetic 
inotropic effect. It is understood that this could also mean 
a parallel change in parasympathetic activity to the heart. 
Implications are that there is a selective increase in the in-
otropic influence of the autonomic nervous systems in excess of 
a change in chronotropic response. This mechanism may represent 
a central nervous system change associated with tr~ining. The 
overall effect on the heart of both of these mechanisms would 
be to reduce the energy requir~ments under exerci~e c9nditions 
(Dormer and Stone, 1976). 
10 
A decrease in contractile force is usually found in the 
rat as cardiac rate increases wi�h exercise. Therefore, rel­
ative bradycardia could cause the apparent increase in con­
tractile response in hearts of conditioned animals (Codini, 
Yipintsoi and Scheuer, 1975). 
Stone (1977) reports that the earliest changes during an 
exercise training program lead to sequential changes in the 
cardiac response to submaximal exercise and volume in stroke 
volume and cardiac output, later followed by changes in the 
heart rate responding to the volume loading and contractility 
of the left ventricle end-diastolic volume while changes in 
contractility and heart rate could be synchronous with a 
change in balance of the autonomic nervous system innervation 
to the heart. Reflex changes in heart rate with volume load­
ing indicate that there may be some integrative changes in 
the central nervous system pathways associated with this 
reflex. In the conscious dog, the cardiac effect of exer­
cise training tends to lower the energy requirements of the 
heart to improve the functional capacity of the heart as a 
pump. 
Wenger (197S) dndicated that cardiovascular control dur­
ing exercise involves the central nervous system as well as 
local mechanisms. The onset of exercise and often the an­
ticipation of effort cause inhibition of parasympathetic 
activity (vagal withdrawal) and increase in sympathetic drive. 
These changes in autonomic balance result in an inotropic 
state with an increased.force and velocity of myocardial fiber 
11 
shortening. Two possible mechanisms of neural 'pathways are 
suggested: A central mechanism with direct action of the 
motor cortex on the cardiovascular center (cortical radiation) 
and a reflex mechanism involving receptors in the exercised 
muscres (activated by local metabolites), perhaps the increased 
K+ concentration caused by muscle activity. 
The benefits of chronic exercise appear to include both 
central and peripheral changes. 
Oscari, et. al., (1971) indicate that in contrast to 
skeletal muscle, no increase in respiratory capacity of neart 
muscle occurs in response to running. They suggest that the 
capacity for aerooic metabolism of normal sedentary rat heart 
muscle is sufficiently large enough to meet the increased de­
mands of ATP imposed by the exercise without the need of adap­
tive increase in respiratory capacity. 
Tipton and Taylor (1965) found that the resting heart 
rate was lower in trained animals than in sedentary controls. 
Atropine caused cardiac acceleration in the untrained. This 
was presumably due to more acetylcholine located in the atria 
of trained animals to compete with atropine. 
Bolter, et. al. (1975) presented evidence that the in­
trinsic heart rate of trained rats was significantly lower 
than control rats and that the atria of trained rats had a 
marked subsensitivity to acetylcholine. Their experiments 
were completed at a temperature level of J0° C. They suggest 
that the bradycardia of training is a result of both a decrease 
in intrinsic sinoatrial rate, and an increase in tonic vagal 
12 
cardio-inhibitory activity. El-Hage, 1976, however, found an 
increased sensitivity of trained rats to acetylcholine at 37° C. 
Ekstrom (1974) found an increased activity of choline acetyl 
transferase in the atria of exercised rats whicb indicated an 
. ' 
increased synthesis of acetylcholine. 
In 1975, DeSchryver and Mertens-Strythagan found that the 
hearts of trained rats contained more acetylcholine than the 
hearts from sedentary controls. 
Smith and El-Hage (1978) found that th~ isolated atria 
from exercised rats showed a pronounced acceleration in response 
to atropine which is perhaps related to the increased acetyl-
choline content repo~ed by the above-mentioned investigators. 
Scheuer and Tipton (1977) indicate that physically trained 
experimental ani~als demonstrate less cardiac acceleration than 
sedentary when submaxima~ dos~s of atropine were administereq. 
When maximal doses were administered, there was no significant 
difference between heart rates in the trained and sedentary 
animals. Jt was suggested that training increased either the 
amount of acetylcholine in the heart or decreased the sensi-
tivity of the heart to atropine. 
) 
Herrlich, et. al. (1960) found an increase in acetylcholine 
concentration in the atria of exercised rats. This may in-
dicate that parasympathetic nervous activity may be increased 
by exercise. 
Chamales, et. al. (1971) demonstrated that acetylcholine 
antagonizes initial epinephrine-induced increases in phosphory-
lase activity and cyclic AMP formation in concentrations too 
13 
low to antagonize the chronotropic responses to epinephrine. 
In the exercised animal, the heart tissue content of acetyl-
choline has increased, which would antagonize phqsphorylase 
activity, while at the same time, an increase in catecholamine 
content will occur.·during the exercise, which presumably en-
hances phosphorylase activity. 
The sinoatrial node is the primary pacemaker of the 
heart. It receives excitatory, adrenergic impulses and in-
hibitory cholinergic impulses. When the~e two types of axons 
come close togeth~r, they may exert a mutuai influence along 
portions of their terminal endings. Evidence indicates that 
the sinoatrial node is richly supplied by both sympathetic 
and parasympathetic systems (Randall, 1974). It is suggest~d 
that the cholinergic heuroeffector relationships are closely 
confined, involving a termiqal for each effector cell; where-
as, adrenergic neuroeffector relationships are more diffuse 
aRd involve a single nerve terminal for release of transmitter 
substance for several cells. 
Both parasympathetic and sympathetic fiber ends are lo-
cated on the sinoatrial node. Parasympathetic nerves to the 
heart are vagus branches. Stimulation of these nerves or 
local application of acetylcholine causes a decrease in heart 
rate. In training, acetylcholine content of the rat atria 
was found to increase (Herrlich, et. al., ,1960). The acetyl-
choline released from the beating atrial preEaration could 
have a slowing effect on the sinoatrial node. Ther~ is 
probably an increase in acetylcholine concentration at the 
14 
sinoatrial node which is likely to be a result of an increase 
in the activity of parasympathetic cardio-inhibitory fibers. 
Thus, bradycardia of training seems to be a result of a de-
crease in sinoatrial rate as a result of increased atrial 
acetylcholine. 
Herrlich, et. al., 1960 report that bradycardia of the 
exercised trained heart seems to be caused by augmentation of 
vagal cholinergic neurosecretory activity near the sinoatrial 
node, whereas, the equally characteristic ·negative inotropfc 
features of trained ventricles (prolonged isometric period); 
would have to be ascribed primarily to sympathetic inhibition 
because the ventricles are nearly devoid of vagal fibers. They 
also reported that acetylcholine concentration is three to six 
/ 
times greater in atrial tissues than ventricular. Prolonged 
exercise is followed by a significant increase in atrial, not 
ventricular, acetylcholine. Cholinesterase content of the 
ventricles is unaffected by exercise. 
Levy and Blattsberg (1976) report that vagally mediated 
antagonism of cardiotonic effects of sympathetic stimulation is 
accompanied (at least in part) by a reduction in the rate of 
release of norepinephrine. They hypothesize the presence of 
muscarinic receptors on postganglionic sympathetic terminals 
in the walls of the.ventricles. Acetylcholine released during 
vagal stimulation combines with these receptors, causing a 
reduction in the liberation of norepinephrine and attenuation 
of the positive inotropic response. The reduction in ven-
tricular contractile force that was demonstrated during vagal 
15 
stimulation is explained, in part, as a reduction in the rate 
of release -0f norepinephrine. Presumably, vagal and sympa-
thetic nerve endings must be close enough that acetylcholine 
released from vagal ends can combine with the muscarinic re-
ceptor or sympathetic terminal. 
Nicotine was found to initiate propagated impulses in post-
ganglionic nerves and to re~ease acetylcholine to act on a 
atropine sensory receptors on pacemaker cells by Achilles, 
et •. al. (1976). They indicate that the gap between morpho~ 
logical innervation of the heart by autonomic nerves and the 
appearance of transmission is related, at least in part, to 
the amount of transmitter available for release. 
Steinacker (1979) discussed the presence of a critical 
disulfide bond on the cholinergic receptor. This bond has 
been localized to within 1oi of the cholinergic recep~or 
anionic binding subsite. The reduction of this bond by dithio-
threitol results in a reduced response of the nicotinic re~ 
ceptor to acetylcholine. The active agent is the bisulfide 
ion, the reaction is: 
2- ~ -RSSR + HS03 \°'" RSS03 + HSR 
This results in the addition of the strongly nucleophilic sul-
phonate group ~o the receptor. The addition of this group 
seems to modify the acetylcholine receptor-ionophore complex, 
resulting in an increase in its response to acetylcholine. 
This is attributed to a change in the postsynaptic cholinergic 
receptor molecule. 
Dong and Reitz (1976) reported the possibility of a phase 
16 
shift for vagal regulation of the heart. They demonstrated 
that an increased frequency of regularly ~paced vagal stim-
ulation does not uniformly decrease heart rate. The heart 
rate may increase synchronously with vagal stimulation. They 
believe that this phenomenon of vagal entrainment cqnfirms 
the existence of phasic sensitivity to vagal stimulation as 
predicted by Perkel, et. al. (1964). This suggests an alter-
nate to the concept of vagal tone alone as the ·mechanism of 
controlling heart rate. They propose that vagal regulation 
of cardiac frequency may be achieved in the central nervous 
system by modulating the frequency and phase of the incoming 
vagal cardiac subsystem. 
Chronic vigorous exercise usually results in cardiac 
hypertrophy in experimental animals and in man. DeSchryver 
and Mertens-Strythagan (1972); Oscari (1971); and Scheuer and 
Tipton (1977) showed that the heart weights of exercised 
animals were relatively heavier than the sedentary controls. 
Hol1oszy (1976) also demonstrated this feature of the 
heart to hypertrophy in response to strenuous exercise so 
that the hearts of trained individuals are heavier than the 
sedentary controls of the same body weight. This increase in 
heart size could play an important role in increasing the work 
capacity brought about by training. An increase in the ratio 
of heart weight to body weight snould result in an increase in 
the maximum capacity to deliver blood to working muscles. As 
a consequence, the hypertrophied trained heart should be able 
17 
to supply o2 to a larger mass of muscle during exercise. 
Scheuer and Tipton (1977) note that changes in myofiber 
diameter, alterations in membrane, intercalculated discs and 
other structures have been reported in exercised rats. 
Hickson, et. al. (1979) report that an increase in the 
concentration of mitochondria occurs transiently early during 
the development of cardiac hypertrophy. It has been hypo-
thesized that this increase is a necessary event in the de-
velopment of cardiac hypertrophy. Mitochondrial concentration 
has not been found to be increased in rat hearts in which 
exercise-induced hypertrophy is well established (Holloszy, 
1976). DNA content increases during the development of 
cardiac hypertrophy. This increase is restricted to connec-
tive tissue and "non-mus·cµlar" cells which undergo hyper-
plasia. 
In 1979, Kaufman, et. al., examined the role of the 
lateral subthalamic region of the rabbit in mediating the 
bradycardia response. Their experiments indicated that stim-
ulation of the lateral zona incerta of the subthalamic region 
activated cardiovascular releasing preganglionic neurons in 
dorsal vagal nucleus and elicited bradycardia. Besides medi-
ating the bradycardia response organized at higher levels, 
this region may send projections to the regions of the brain 
and/or play a role in the organization of the baroreceptor 
reflex. It seems possible that these neurons play a role in 
the mediation of heart rate decreases. 
1S 
From all of these studies, it is apparent that the heart 
undergoes a variety of adaptations in response to chroni'c 
exercise. The regulation of the heart may be a function of 
the interaction between neurotransmitter, catecholamines and 
acetylcholine. 
The objective of this investigation was to study exercise 
bradycardia and the mechanisms that may be involved in heart 
rate control. Since Bolter, et. al. (1975) found a decreased 
sensitivity of trained animals to acetylcholine at 30° C 
while El-Hage, 1976, reported an increased sensitivity at 
37° c, it was necessary to carry out experiments at both 
temperatures to see if the discrepancy between these reports 
can be explained. 
MATERIALS AND METHOD 
These studies were performed on thirty-six Sprague-Dawley 
rats, randomly assigned to experimental (exercised) or control 
(sedentary) groups. The subjects initially weighed 200 - 300 
grams. They were housed in pairs and provided with standard 
food and water ad libitum. A motor-driven treadmill made by 
Wahmann Ma.Qufacturing Company with six separate compartments 
was used for the exerci~e sessions. Each session lasted sixty 
minutes six days per week. The rate of running was twelve 
meters per minute (equal to approximately eleven cycles per 
minute). The duration of each training period was fourteen 
weeks. All rats were handled regularly. The control rats 
were also placed in the treadmill on a weekly basis, but were 
never exercised. 
Small surgical clips were attached to each animal one on 
each side of the chest. before the actual experimentation began. 
Electrocardigrams were then recorded on a Physiograph recorder 
by means of wires attached to clips. Resting heart rate re-
cordings were made on all animals on a weekly basis at approx-
imately the same hour of the day. Each animal was also weighed 
weekly. All animals were alert while heart rates were recorded. 
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- Following the training period, the animals were euthanized 
with ether. The hearts were excised rapidly and placed into 
a dish containing cool, Kreb's Henseleit bicarbonate solution. 
The spontaneously beating right and left atria were disected 
free, taking care that the sinoatrial node was~left intact. 
Then the atrial were suspended in an organ bath containing 
the modifi~d Kreb's solution. For continuous perfusion of 
the heart, the Kreb's-Henseleit solution consisted of the 
following: 145 mM NaCl, 5.4mM KCl, 2:2mM C'aCl2, ll.9mM NaHC03, 
and ·11mM glucose added to one liter of dou~le distilled de-
1 
ionized water. The pH of the solution was 7.4. The organ 
was oxygenated continuously with 9% oxygen, 5% carbon dioxide. 
The temperature of the bath was kept constant at either 30° C 
or 37° C, depending ~n the experimental condition desired. 
Atrial tension was measured by hooking an S-hook, tied to 
a thread on one end, into one tip of the atria. The other end 
of the thread was connected to a strain gauge transducer and 
the contractions were recorded with a Physiograph. The other 
end of the atria was attached to a hook fastened to the bottom 
of the organ chamber. The atria were stretched, thus putting 
tension on the organ so that the atria were beating at the 
peak of the length-tension curve (See Figure A). 
The spontaneou~ly beating atrial preparations were 
allowed to equilibrate for about 30 minutes prior to testing 
the influence of various concentrations of acetylcholine at 
two different temperatures. Atrial rates were counted from the 
Physiograph recording. The basal atrial rate was determined 
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first. The appropriate amount of acetylcholine was added to 
the organ bath in order to make the final concentration of the 
bath equal to l0-5M, 10-6M and 10-7M. After each exposure of
the atria to the randomized application of the various con­
centrations of acetylcholine and at the two temperatures 
(30° C and 37
° C), the preparations were washed with Kreb's­
Henseleit and allowed to re-equilibrate to a baseline before 
subjected to additional tests. Tpe acetylcholine was added 
directly to the chamber. The atria were exposed to the acetyl­
choline for 5 minutes during which the atrial rate was de­
termined. Atrial and ventricular weights were measured in both 
a wet and dry form on an analytical balance. The two component 
weights were added to achieve a �otal heart weight. 
Statistical analysfs of the data was completed. Vari­
ations of the means were measured using the standard error of 
the mean. Confidence interval procedure and "F-Test" were
used to determine with a 95% degree of certainty whether a 
significant difference existed between the control and ex­
perimental groups. 
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RESULTS 
Thirty-six male rats were initially weighed and exhibited 
an average body weight of 29S.9 � 27.8 grams. The rats were 
divided into two groups. One group remained sedentary and was 
therefore labeled as the control group. The other group ex­
perienced a vigorous daily exercise program. The mean body 
weight of the control group increased from 298.9 grams to 392.8 
grams over fourteen weeks, a net gain of 93.9 grams. The mean 
body weight of the trained group increased from 275.7 grams to 
353.9 grams over fourteen weeks, a gain of 78.2 grams (See 
Table I). Thus, body weight gain for the sedentary rats was 
higher. Trained rats gained less weight than untrained animals. 
A similar observation was reported by Ahrens, et. al. (1972}. 
This difference may be explained as possibly being related to 
the increase of metabolic demands during an exercise program. 
Upon completion of the experiment, 'atria and ventricles 
of each respective rat were weighed on an analytical balance 
(See Table II). There was a significant difference (P<.05) 
was determined to occur between the control and experimental 
groups' dry heart weight to body weight ratio. The experi­
mental group ratio was significantly heavier (See Table III). 
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A significant difference (P(.05) between the intact rest­
ing heart rates of the control group and the experimental group 
was maintained from week 9 of training through �eek 14. No" 
significant difference was observed prior to week 9 (See 
Figure 1). 
The trained group was initially divided into two subgroups 
experiencing different exercise regimes. Group A exercised once 
a day. Group B exercised at the same rate twice a day. No 
significant difference in the resting heart rates between the 
two training groups could be determined. This indicates that 
the duration of exercise may not be as vital to the occurrence 
of exerc�se bradycardia as the continuation of a repeated, pro­
longed exercise program. 
Isolated rat atria .. from control and experimental animals 
were treated with various concentrations of acetylcholine. 
The basal atrial rate was determined first (RHR B/Min). The 
basal rate of the spontaneously beating rate of the isolated 
atria at 30 ° C was 164.34 � 15.68 in the control group and 
146.47 � 12.32 in the trained group. The basal rate of the 
spontaneously beating isolated atria at 37
° C was 2�6.3 � 17.13 
in the control group and 241.9 ! 6.92 in the trained group 
See Figures 2 and 3). 
The addition of acetylcholine to produce organ bath con­
centrations of 10-5M, 10-6M and 10-7M caused a decrease in
atrial rate in both controls and experimentals. The percentage 
change in atrial rate in each case at 30° C was 29.5%, 18.55% 
and 12.89% for 10-5M, 10-6M and 10-7M, respectively, in the
control group. The percent change at 30° C was 40.08%, 32.21% 
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and 28.38% for 10-5M, 10-6M and l0-7M, respectively, in the 
trained group. The percent change at 37° C was 43.03%, 41.32% 
and 34.55 at l0-5M, 10-6M and l0-7M,-respectively, in the con-
trol group. The percent change at 37° C was 65.76%, 53.01% and 
44.8%, at 10-5M, 10-6M and 10-7M, respectively, in the trained 
group. (See Figures 4 and 5). At both 30° C and 37° c, trained 
rat preparations showed a greater decrease in atrial rate. A 
significant difference between the control group and trained 
group was found to occur at both temperatures (Pt.05l• The 
percent changes in atrial rates were the greatest at 37° C. 
Figure 4 demonstrates that at 30° C, there is a marked sub-
sensitivity of the trained rats to acetylcholine when compared 
to the controls. However, Figure 5 demonstrates that at 37° c, 
there exists an increased sensitivity by trained rats to acetyl-
choline when compared to the controls. 
A comparison of the percent change in atrial rate for the 
control and trained grou~s at 10-5M, 10-6M and 10-7M acetyl-
choline at 30° C is shown in Figure 6. A comparison of the 
percent change in atrial rate for the control and trained 
groups at 10-5M, 10-6M and io-7M acetylcholine at 37° is shown 
in Figure 7. 
TABLE I 
Body Weights 
Control (g) 
Trained (g) 
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Mean Origin?-1 
Body Weight 
+ 275.7 - 34.4 
Mean Final 
Body Weight 
392.e1119.5
353.93 .! 18.01 
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TABLE II 
Heart and Body Weights (Dry) 
Experimental (g) 
Control (g) 
Mean Heart Weight 
.00083 ! .000068 
.00070 ! .000036 
Mean Body Weight 
353.93 ! 18.01 
392.81 ! 19.45 
A significant difference· was determined to exist using an 
Analysis of Variance Test at 95% certainty level. 
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TABLE III 
Heart To Body Weight Ratio (Dry) 
Experimental 
Control 
2.3 micrograms/gram body weight 
1.8 micrograms/gram body weight 
A significant difference was determined to exist using an 
Analysis of Variance Test at 95% certainty level. 
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FIGURE 1 
The resting heart rates of 13 controls and twenty-three 
trained rats over a duration of fourteen weeks. 
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FIGURE 2 
The basal rate of the spontaneously beating isolated 
atria at 30° c. {B/Min). 
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FIGURE J 
The basal rate of the spontaneously beating isolated 
atria at 37° c. (B/Min). 
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FIGURE 4 
The effect of acetylcholine on isolated rat atria. 
Points on the graph represent the percent change in 
t 
atrial rate upon subjection of 10-5M, 10-6M and 10-7M
acetylcholine (at 30° C). 
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FIGURE 2, 
The effect of acetylcholine on isolated rat atria. 
Points on the graph represent the percent change in 
atrial rate upon subject of l0-5M, 10-6M and 10-7M
acetylcholine (at 37
° C).
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FIGURE 6 
A comparison of the effect of acetylcholine at 10-5M, 
10-6M and 10-7M on rat atria at 30° c.
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FIGURE 7 
A comparison of the effect of acetylcholine at l0-5M,
10-6M and 10-7M on rat atria at 37
° C.
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DISCUSSION 
A vigorous exercise program results in adaptive increases 
in performance capacity, particularly in the cardiovascular 
system. 
Body weight gains were lower in trained animals when 
compared to the sedentary controls. This observation may be 
explained by increased metabolic demands of the body during 
an exercise program. Pattengale and Holloszr (1967) suggested 
that exercise may increg�e myoglobin concentration in skeletal 
muscle. Myoglobin increases the rate of oxygen diffusion 
through a fluid layer and may also.facilitate oxygen utiliz­
ation in muscle by increasing the rate of its diffusion 
through cytoplasm of the mitochondria. 
An increase in mitochondrial oxidative enzyme levels in 
skeletal muscles has been confirmed in individuals actively in­
volved in an endurance training program (Gollnick and Ianuzzo, 
1972). 
Vigorous exercise training increases the capacity of 
skeletal muscle to oxidize carbohydrates, fat and ketones 
(Holloszy, et. al., 1973). 
A significant change in the trained animals heart weight 
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to body weight ratio was found and indicates that a relative 
cardiac hypertrophy occurred during the exercise training pro­
gram. This is in agreement with DeSchryver and Mertens­
Strythagen (1972); Oscari (1971); Scheuer and Tipton (1977); 
Holloszy (1976). This increase in heart size could play a role 
in increasing the work capacity brought about by training. 
The hypertrophied trained heart should be able to supply oxygen 
to a larger mass of muscle during exercise. These hearts have 
greater aerobic and mechanical res�rve than hearts of sedentary 
animals. These effects appear to be at l�ast partially due 
to improved mechanisms of oxygen delivery (Penpargkul and 
Scheu�r, 1970). 
When the heart is maintained experimentally as an iso­
lated organ, it appears ··to function independently of external 
neural connections. Actually, it is regulated by finely ad­
justed, intrinsic factors. These include: neural, electro­
physiologic and hemodyna.mic forces. The intrinsic heart rate 
is the rate measured in the pharmacological autonomically 
blocked heart. 
Changes in performance of the heart resulted from the 
training program of this investigation. This is exhibited 
through an examination of the resting and isolated atrial rates. 
The trained animals demonstrated a significantly lower resting 
heart rate than did the sedentary controls. This bra?ycardia 
has been reported by many other investigators. 
There have been many explanations for this bradycardia. 
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These explanations are generally related to autonomic control, 
�irculating catecholamines, increased stroke volume or a change 
in the integrating ability of the central nervous system. 
Parasympathetic predominance or sympathetic inhibition 
may be responsible for the decreased resting heart rates ex­
hibited by trained individuals. Chronic exercise induces an 
increase of parasympathetic tone of the heart and a decrease 
of sympathetic transmitter concentration in cardiac tissue 
(DeShryver and Merton-Strythagon, 1972). 
Herrlich, et. al. (1960) indicated that exercise training 
decreases the sympathetic nervous activity of the heart. 
Randall (1974) suggested that bradycardia may be due to an in­
crease in vagal cholinergic activity. 
Penpargkul and Scheuer (1970) suggested that training in-
creases metabolic and dynamic performance. This may improve 
the heart through vascular changes which eventually lead to 
the ability of the heart to increase cardiac output. 
Muscarinic cholinergic receptors located on the heart may 
be affected by the acetylcholine that combines with them, thus 
inducing bradycardia (Loeb and Vassalle, 1978). 
An increased sensitivity to acetylcholine was exhibited by 
the isolated atria of the trained rats in this investigation 
at 37° C. This is in agreement with the results reported by 
El-Hage, 1976. A subsensitivity to acetylcholine was exhibited 
by the isolated atria of the trained rats at 30° · C. This is 
in agreement with the results reported by Bolter, et. al. (1973 
It appears that the trained animals become more sensitive to 
acetylcholine as the temperature increases. The sensitivity 
to acetylcholine may be temperature related and is probably 
related to the greater metabolic demands of exercised tissue 
· (ie: .greater number of mitochondria and oxidative enzymes).
A significant difference in the basal atrial rate at 30° C 
be.tween the control and trained groups was demonstrated. The 
trained group demonstrated a lower atrial rate (See Figure 2). 
This is in agreement with El-Hage, 1976. No difference in the 
basai atrial rate at 37° C between the two groups was demon­
strated. This may be explained to the low numbers of animals 
used. It is possible that if more animals were used, a dif­
ference would have been apparent (See Figure 3). 
The increased sensitivity of the trained animals to acetyl­
choline that was demonstrated may be explained by increased 
stores of acetylcholine in the atria. This is in agreement 
with the findings of Smith and El-Hage (1978). They reported 
a pronounced acceleration in response to atropine in exper­
imental animals which may be related to the increased acetyl­
choline content which had held the atrial rate in abeyance 
until blocked by atropine. 
Tipton, et. al.(1965) reported that trained animals dem­
onstrated lower cardiac acceleration to atropine than sedentary 
controls. This was attributed to by the increased stores of 
acetylcholine which compete with atropine for recept�r sites. 
Herrlich, et. al. 1970) found increased acetylcholine content 
in the isolated atria of trained rats. 
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An increased activity of choline acetyltransferase was 
found in the atria of exercised rats (Ekstrom, 1974; Scheuer 
and Tipton, 1977). This may explain the increased synthesis 
of acetylcholine that t'hese investigators found apparent in 
the trained rats. 
Stone (1977) found that exercise training lowered the 
energy requirements of the heart, improving the functional 
capacity of the heart as a pump. 
Bradycardia may be attributed to a change in the re­
ceptors. A change in the sensitivity of the receptor, or 
an increase in the number of receptor sites may occur. 
Biochemical alterations are demonstrated in the en­
hanced contractile performance of the ventricles. These 
alterations involve an increase in actinomyosin ATPase 
activity and an increase in Ca++ binding by the sacroplasmic 
reticulum (Guitsi, 1978). 
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